mental model for such research. We reported the influence of microbes in the intestinal tracts of mice on digestion or absorption of nutrients in the diet and nitrogen (N) retention by the balance method in GF, gnotobiotic (GB) and con ventional (CV) mice in a series of experiments (1, 2, 3, 4) , in which it was suggested that intestinal microbes of mice might influence the nutrition of the host mice and that the five kinds of bacteria, i.e. Bacteroides sp. (Bact.), Escherichia coli (E. toll), Lactobacillus sp. (Lact.), Staphylococcus epidermidis (Staph.) and Streptococcus faecalis (Str.) used in our experiments had different activities. Staph. increased N retention.
The purpose of this investigation is to confirm the above facts by direct N estimations for whole carcasses and intestinal contents of GF, GB and CV mice. 
RESULTS
In these experiments, the GF group was maintained in the GF state until 80 days of age when the experiments were completed. GB mice were also in the GF state until 56 days of age when there were contaminated with bacteria. Logarith mic viable counts per g feces two weeks after monocontamination were as follows; These bacteria were well established in both monocontaminated mice and these results agreed with those of the previous experiments (2). The body weights and weights of liver and kidneys are shown in Table, 1. CV mice were heavier than GF and GB mice, and the same tendencies were found in the weights of liver and kidneys per unit body weight. However, in the GF and GB mice, there were some differences between liver and kidney weights per mouse and per unit body weight. Total N of the. whole carcass per 100g of body weight (except N of the intesti nal contents) is shown in Table 2 . The CV mice values are higher than those for GF and GB mice. There were significant differences for GF (p<0.02) and E. coil (p<0.05).
However, there were no significant differences for Staph. (p<0.1) GB mice, which might be more similar to CV than to GF and E. coil GB mice. Total N in the livers of CV mice was higher (p<0.001) than in the other mice and the kidney N of CV mice was higher than that in E. coil and Staph, mono contaminated GB mice, but there was no significant difference between CV and GF mice. N of all digestive tract organs after removal of contents was higher in CV mice than GF and both GB mice. Lower values were shown in Staph. GB mice. Several factors might influence total N in these organs, such as peeling off of intestinal mucosa or content residues in organs when the contents were removed. In addition both GB mice had only been monocontaminated for three weeks. The figures in parentheses show the total N of each digestive tract organ, Table 2 . Detailed data of total nitrogen of whole carcass per 100g of body weight except intestinal contents in germfree, Escherichia coil or Staphylococcus epidermidis monocontaminated gnotobiotic and conventional mice.
a Mean•}SE Abbreviations see Table  1 .
but the details are omitted. Total N of the remainder of the carcasses with leg muscles was higher in CV (p<0.05) than in GF mice, but there were no significant differences between CV and both E, coil and Staph. GB mice. Staph. GB mice values tended to be closer to those of CV mice. In the case of total N of the whole carcass with gut contents, the GF mice value increased because of the high N values of the contents, and became similar to the values for E. coil and Staph. GB mice. However, the values of GF were still lower than those of CV mice. The ratio of protein N to total N (Table 3) showed no difference between GF, GB and CV mice. Some digestive tract organs showed differences but these can probably be considered as the effects of residual gut contents. The crude fat contents per 100mg of total N of the remainder of the carcass except leg muscles (Table 3) showed no significant differences between GF, GB and CV mice. The results of 15N accumulation in the body when 3 mice in each group were given 15N-labelled secondary ammonium phosphate supplemented diet are shown in Table 4 . It is difficult to draw a conclusion from only one example, but gen erally, 15N contents in CV mice were higher than those of GF and both GB mice except in the case of the leg muscles. Total N per g of fresh tissue of liver and the leg muscles showed no differences in any mice.
Total N of the complete contents per 100g body weight including the N of the contents of each organ is shown in Table 5 . In these results, total N of the whole contents of GF mice was significantly higher, for example GF vs E. coil: p<0.05 and GF vs Staph. and CV: p<0.001, than in the other mice. Total N of the cecal contents of GF was much higher than CV mice. In these results, CV was significantly lower (p<0.001) than the other mice and the Staph. GB was also lower (p<0.001) than GF mice, but there were no significant difference between E. coil GB and GF. These results might indicate a difference in the effects of E. coli and Staph, on N of the cecal contents. Total N of the whole and cecal con tents in Staph. GB was nearer to the value of CV than that of E. coil GB. This tendency was the same as in the case of the previous total N of the whole carcass (except intestinal contents) per 100 g body weight. These facts might. show that the effect of absorption or retention of N in CV and Staph. GB is superior to that in GF or E. coli GB mice.
The ratios of protein N to total N of each of the contents are shown in Fig. 1 . There were the same tendencies in all groups until the lower part of the small in testine, but remarkable differences appeared in the cecum. The ratio of cecal, colon and rectum contents of CV were higher (p<0.001) than the others. The E. toll and Staph. GB mice were in the GF state until 56 days of age, and the ratios of both types were lower than those of GF mice. One probable reason for these results might be different experimental periods and different parents. For example, when calculating the difference from the ratio of contents of the lower part of the small intestine to cecal contents, the results were as follows; GF was from 40.9 to 46.4%, E. coil from 34.9 to 39.8%, Staph. from 28.6 to 36.9 and CV from 35.7 to 61.4%. From the above results, the difference for CV mice was the greatest and the next was Staph. GB mice. These results might be caused by the difference in reabsorption of non-protein N in the cecum of GF, GB and CV mice, and also the different effects of the various kinds of bacteria. Total Cr2O3 per 100g body weight of each part of the intestinal contents ( Fig. 2 ) and total N per 100mg Cr2O3 of intestinal contents (Fig. 3) are shown. Total Cr2O3 per unit body weight of stomach, and colon and rectum contents showed no differences among groups. However, small intestinal contents of CV mice showed lower values than those of GF and GB mice. This result seems to T. NOMURA, and M. KAMETAKA indicate that the transit time of food through the small intestine is less in GF and GB mice than in CV mice. Furthermore, Cr2O3 accumulation in the cecal contents of GF and GB mice is remarkably greater than in CV mice. Next, total N per 100 mg Cr2O3 of intestinal contents in CV mice showed higher values than in GF and GB mice except for colon and rectum contents.
The reason for the above may be that in CV mice, more N was secreted from tissues and added to the mi crobe related substances than in GF and GB mice.
In the colon and rectum contents, the ratio of N to Cr2O3 of CV mice became the same level as that of GF mice. CV mice might reabsorb more non-protein N of the colon and rectum contents than GF mice do. However, the ratio of both E. coli and Staph. in whole intestinal contents was lower in GB mice than in GF mice. It is difficult to ex plain this result and more experiments are needed.
DISCUSSION
In the previous experiments (1, 2, 3, 4) , the digestibility of N in the diet was higher in GF mice than in CV mice, but the opposite tendencies were obtained for N retention. Next, the five selected bacteria, i.e. Bact., E. coli, Lact., Staph. and Str. were mono-or polycontaminated in 8-week-old GF mice and the di gestibility or N retention was compared in the same mice before and after con tamination. In the GB mice, the N retention was generally greater than in the GF state when Staph. was included and sufficiently established in the intestinal tracts of host mice. SALTER (10) described some of the possible effects of gut micro-organisms on protein digestion, i.e. incompletely digested protein may come under the influence of bacterial proteases to yield free amino acids which could be beneficial to the host if they were produced in a region of the gut from which absorption could take place. At the same time, microbial catabolism of amino acids to produce ammonia, or the incorporation of amino acids into microbial protein, may deprive the host of amino acids. The ammonia produced might be absorbed and utilized in the synthesis of non-essential amino acids, or excreted as such or as urea. Urea, which diffuses into the gut contents from the tissue, may be hydrolysed by bacterial urease to produce further ammonia.
Studies of protein utilization in GF and CV rats by various workers (11, 12, 13) have given conflicting results. A systematic study of the effects of protein quality and dietary regimen may resolve these differences. For example, COATES et al. (14) measured net protein utilization in GF and CV chicks by N-balance methods. It remains to be determined whether an effect of the microflora would be demonstrated with low levels of protein intake. The endogenous N loss, determined by giving an N-free diet, was higher in GF than CV. It may reflect a greater loss of N from the tissues of the GF birds, or the N loss from CV was only apparently smaller because of the action of the microflora on endogenous N residues.
As was mentioned previously, the purpose of this investigation was to obtain data to support previous experimental results by the balance method. The fol lowing are several examples of related research. Serum immunoglobulins de creased in GF mice fed solid diet when compared with those of CV (15) . Protein concentration in plasma of GF rats was lower than that in CV plasma. Liver weights of the CV rats were greater than those of GF rats. The ratio of liver weight to body weight was also higher in the CV rats (16) . The results of our experiments showed higher N contents of the whole carcass for CV or Staph. GB mice than for the GF or E. coli GB mice (Table 2) , which agrees with above experi ments. For these reasons, it can be considered that intestinal microbes have some relation on nutrition of the host and Staph. has the only beneficial effect among the five kinds of bacteria used in these experiments.
On the other hand, the total N of the whole carcass of GF was lower than that of CV mice and the crude fat in the carcass remainders did not differ among GF, GB and CV mice. From these facts, it can be considered that the femur of GF rats was 12 to 14% heavier than that of CV rats (17) , that increased calcium and magnesium absorption is observed in GF rats, and that because GF rats have a very high incidence of urinary calculi, calcium metabolism may be disturbed in the absence of microorganisms according to GUSTAFSSON and NORMAN (18) . It might also be due to the higher crude ash content in GF mice than in CV mice. However, no estimations were made in our experiment. Originally 15N-labelled amino acids should be used but 15N-labelled secondary ammonium phosphate supplemented diet was used in , these experiments. 15N accumulation in GF mice was not much lower than in CV mice. This might have some relation to the above results.
It is well known that the cecum of GF rodents is remarkably larger than those of CV rodents. This was associated with an accumulation of mucopolysaccha ride materials and the presence of kallikreins in the cecal contents, a loss of in testinal muscle tone and influx of water into the cecal sac (19) . SACQUET et al. (20) reported the rate of passage of food through the small intestine is slower in GF than in CV rats, but the difference largely disappears after caecectomy. In the GF chick, which does not exhibit cecal enlargement, the transit time of food through the gut is no different from that in CV birds (21) . KENWORTHY (22) explained that the small intestine of a GF animal usually weighs less per unit of length than that of its CV counterpart. The difference is partly accounted for by a smaller proportion of lymphoid tissue but mainly by a reduction in connec tive tissue, particularly the lamina propria. The villi tend to be longer and more even, and the time taken for migration of the mucosal epithelial cellus from the crypts to the villus tips is considerably extended. The brush border is more even, with longer microvilli, providing a potentially greater surface for absorption. According to SALTER (23), the course of protein digestion in the small intestine of GF and CV animals is very similar, but differences became apparent in the lower gut where, in the CV animal, the food residues and endogenous nitrogenous compounds are acted on by the gut microflora.
In this experiment, total N of gut contents per unit body weight of GF was higher than that of CV mice, and the value in the Staph. GB mice was nearer the CV value than the E. coli GB value. This might be related to the report by SACQUET et al. (20) and in our results of the Cr2O3 of intestinal contents per unit body weight (Fig. 2) that the rate of passage through the small intestine is slower BY INTESTINAL MICROBES 399 in GF than in CV and our results that total N of the whole carcass (Table 2) in CV or Staph. GB mice was higher than in GF or E, coli GB mice. It can be considered that the intestinal microflora play a major part in digestion or absorp tion of N in the host and this role may differ depending on the microbe. Mucoproteins and enzymes secreted by the pancreas comprise a high pro portion of the endogenous protein N in the lower gut. Microbial degradation of mucoproteins and inactivation of trypsin and chymotrypsin in the GF rat cecum have been reported by BoRGSROM et al. (24) and LINDSTEDT et al. (25) . COMBE (26) reported a study of endogenous N in the digestive contents of GF and CV rats by 14C amino acid. The total radioactivity of the intestinal contents of CV rats was high 3 hr 20 min and 5 hr 20 min after injection but GF rats remained almost constant throughout the experimental period. The radioactivity of the cecal contents of CV rats was always less than that of the intestinal contents but in the GF rats, it varied greatly with time after injection, with the maximum value oc curring after 4 hr 20 min. Total radioactivity content of blood of GF rats in creased with time after injection but more slowly than in CV rats. The results of the analysis of amino acid composition of cecal contents and feces in GF and CV rabbits by YOSHIDA et al. (27) were as follows. The CV feces contained more total amino acids per g N than the GF. The cecal contents and feces of CV rab bits also contained a higher percentage of total amino acids as essential amino acids than the GF samples. In our experiments, the ratio of protein N in the lower parts of intestine differed greatly between GF and CV. From the results of the above researchers, it can be considered that intestinal microflora have a direct influence on gut contents. For example, the experiments of SALTER and COATES (28) on the 14C: N ratio in samples of digesta taken at different positions along the alimentary tract reflected the balance of 14C uptake, and N secretion and absorption was reported for GF and CV chicks. In the upper gut no differ ences were found between GF and CV chicks, but in the lower gut contents and excreta the ratios were consistently higher in samples from CV birds. This could have been a consequence of bacterial proteolysis and deamination of amino acids with subsequent absorption of ammonia. From these facts and our previous experiments by the balance methods, the ratio of protein N to total fecal N of GF mice was lower than that of CV mice, and also because of the bacterial contamination in GB tests, there is a tendency for the ratio to increase after bacterial contamination. There will be more reten tion in hosts which can reabsorb undigested and unabsorbed N of food residue in the cecum by the action of microflora. Especially, it might be considered that the Staph. used in this experiment has the above effects when compared with E. coli. This can be demonstrated by the results of other authors. For example, utilization of the products of microbial action on endogenous proteins may enable CV rats to survive starvation longer than GF animals (29) , and the bacteria them selves may be digested in the cecum and the products absorbed (30) .
